Background: National Football League (NFL) players who undergo anterior cruciate ligament (ACL) reconstruction have been shown to have a lower return to play (RTP) than previously expected. However, RTP in the NFL after revision ACL reconstruction (RACLR) is not well defined.
Anterior cruciate ligament (ACL) tears are common sports injuries and may affect the longevity of an athlete's career. Players in the National Football League (NFL) have high athletic demand of their knees, placing the athlete at an increased risk for ACL rupture. 1 Various studies have evaluated return to play (RTP) and statistical performance after primary anterior cruciate ligament reconstruction (ACLR) in NFL athletes. 1, 3, 5, 9, 11, 17, 18, 20 The results of Mai et al 14 suggest an up to 82% RTP rate, with most players returning to previous functional and statistical in-game performance levels.
Only recently have studies begun to evaluate rates of recurrent ACL injury in professional athletes. 17 Among the general population, the rate of revision ACLR (RACLR) after primary ACLR is 4.9% within 5 years. 16 Borchers et al 2 identified higher demand as a risk factor for ACL rerupture, and Brophy et al 4 found that 18.3% of ACL injuries in the NFL between 2010 and 2013 were ipsilateral retears. 7 While these studies have helped expand knowledge in terms of RTP after primary ACLR and rates of recurrent ACL tears, there remains a paucity of data regarding RTP after RACLR.
The purpose of this study was to determine the rate of return to regular-season game play in NFL athletes who have undergone RACLR. The hypothesis was that more experienced and established players would be more likely to RTP after RACLR. Additionally, this study attempted to identify factors that predicted the likelihood of successful RTP.
METHODS
We conducted a retrospective case-control study. NFL players with a history of ACLR while playing professionally and subsequent RACLR between 2007 and 2014 were evaluated. These players were identified with methods similar to those in previous studies that used publicly available Internet-based reports, thus precluding a formal institutional review board approval. [8] [9] [10] 12, 13, 15, 16, 20 Sources for injury reports included team injury reports, team websites, press releases, personal websites, and professional and college football statistical websites. A player was deemed to have an RACLR if they were drafted to the NFL and participated in at least 1 NFL game before sustaining a recurrent tear requiring RACLR. Documentation from the above sources of 2 separate ACLRs on the ipsilateral knee was considered an acceptable reference. Any documentation of a third ACL tear of the same knee was also recorded.
Demographic data, including age, NFL experience, height, weight, and position, for each player were recorded. RTP data, including date of injury, overall RTP rate, and RTP on the same team, were recorded. Also recorded were the number of regular-season games, playoff games, seasons played before and after injury, career length, draft round, and number of Pro Bowl appearances before and after injury. Return to the same team was based on the team for which the athlete appeared in their first regular-season game after injury. Athletes with a report of "undisclosed knee injury" or who were on the injured list at the time of data gathering were excluded. The percentage of the season lost was calculated by dividing the number of regular-season games lost due to injury by 16 (number of regular-season games in a standard NFL season).
A control group was then identified to compare the cohort with a representative group of NFL players with similar attributes who had not undergone RACLR. The control group was assembled via a blinded age-, size-, and position-matched cohort of NFL players who had not previously undergone RACLR. Our methods for selecting the control cohort were similar to those reported in previous literature. [8] [9] [10] 12, 13, [15] [16] [17] 20 Players with a known history of RACLR or "undisclosed knee injury" were excluded from the control cohort. We then compiled a deidentified database of all remaining players who participated in the NFL between 2007 and 2014. Players were then matched to the respective RACLR athletes based on the year of RACLR for the respective player in the original cohort, designated as the index year. The controls were then selected based on age during the index year, qualified as ±1 year, listed position, age at index year, NFL experience, height, and weight.
Beyond demographic data, career length, draft round, and number of Pro Bowl appearances before and after injury in the index year were evaluated for each control player.
All data were compared between players who RTP and those who did not using nonparametric univariate tests. The Wilcoxon signed rank test was used for continuous variables, and the Fisher exact test was used for categorical variables. Pre-and postsurgery data for those who did RTP were compared using the Wilcoxon signed rank-sum test. Demographic data between the study cohort and controls were compared using 2-sample t tests for continuous measures and chi-square tests for categorical measures. Pearson correlation coefficients were used to assess the relationship between age and the performance measures for all players separately. Statistical significance was set at P < .05. All analyses were performed using SAS 9.4 (SAS Institute).
RESULTS
A total of 24 NFL players who underwent RACLR between 2007 and 2014 were included. Table 1 shows demographic characteristics of the study cohort and control players. There were no statistical differences between the 2 groups. Of the total 24 NFL players in the study, 19 (79%) returned to NFL competition after RACLR. The mean time to RTP in these players was 12.6 months. No athlete returned to play during the same season of competition in which he was injured. All players who returned to play (19/ 19) were drafted in the first round, played in at least 4 NFL seasons, and played in at least 55 NFL games. Fourteen of 19 players (74%) who returned to play did so with the same team they were playing for when they were injured. RTP by position is listed in Table 2 .
Players who did and did not RTP are compared in Tables  3 and 4 . Players who were drafted in the first 4 rounds were more likely to RTP than those who were not (odds ratio [95% CI], 0.1 [0.01-1.00]; P ¼ .05). There was a nonsignificant trend showing longer career length in athletes who returned to play (6.5 seasons) compared with those who did not (4 seasons) (P ¼ .08). There were no other significant differences between those who returned to NFL competition and those who did not. Those who returned to NFL play played in significantly less games and seasons after their injury than before (P ¼ .01 and P ¼ .01, respectively). However, these values did not differ when compared with matched controls. All athletes with recurrent ACL tears who previously participated in a Pro Bowl game returned to play the subsequent season.
In evaluating performance after RACLR, there was no difference in games and seasons played between those who returned to play and matched controls (Table 5) . No factors were predictive of RTP on the same team. Players who returned to the same team played in more games per season (12.5 games) than those who did not (8.4 games), but this did not reach significance (P ¼ . 16 ).
DISCUSSION
The current study findings suggest that players undergoing RACLR RTP at a similar rate and over a prolonged time period compared with those undergoing primary reconstruction. Our data also suggest that draft pick status and player experience are important factors when predicting RTP in players after RACLR. Athletes who are drafted in earlier rounds and play in more games/seasons before recurrent injury are more likely to RTP than those who do not.
Previous studies have evaluated RTP in non-NFL athletes after revision. 1, 6, 19 Anand et al 1 reported a 46% return to preinjury level of sport at a mean of 5 years for RACLR compared with a 50% return after primary reconstruction. However, Denti et al 6 suggested that limitation of a cohort to highly motivated patients led to return to the same level of competition in 78% of RACLR patients compared with 58% after primary ACLR. Similarly, Shelbourne et al 19 reported a 74% rate of return to sports at preinjury level in high school and collegiate athletes after RACLR. In the current study, we found an overall RTP rate of 79% in NFL athletes after RACLR. This RTP rate is higher than that reported in previous studies in the general population for revision surgery and similar to the 82% RTP rate in NFL athletes after primary ACLR reported by Mai et al. 14 This can be explained by the fact that professional athletes likely are more motivated to RTP, and this cohort had a past experience with the same injury, surgery, and recovery. The fact that the athlete has already returned after an ACLR may also place confidence in NFL teams that the athlete can return after RACLR.
NFL experience and draft round of an NFL athlete has been found to be predictive of RTP after primary ACLR. Shah et al 18 found that NFL players who were drafted in the first 4 rounds or played in 4 seasons prior to injury were 12.2 times and 5.5 times more likely to RTP after primary ACLR, respectively. Our study also found that those drafted in the first 4 rounds were more likely to RTP than those who were not. Although we did not find a significant difference between seasons played, we found that all players who RTP played in at least 4 NFL seasons and 55 games prior to injury. These results suggest that players drafted in early rounds or who are highly experienced are of higher value to their teams and have a proven career, which can predict return to NFL play.
The mean time to return to NFL season game play after RACLR has not been previously reported. Shah et al 18 reported that the mean RTP after primary ACLR is approximately 10.8 months. Our findings suggest a near 2-month increase in time to RTP. These findings are most likely multifactorial, encompassing both medical staff input and player bias/caution as well as a potential slower return of quadriceps function. Previous studies, such as that by Shah et al, 18 have found that 78% of players who RTP returned to the same team. Our study similarly found that 74% of players returned to the same team. Unlike the previous study, our results found a nonsignificant trend in which players who returned to the same team played in more games per season than those who did not.
There are several limitations to this study. First, the data gathered with regard to RTP, games, and seasons played were collected from the NFL website. Although it is monitored regularly and is the official NFL website, it is difficult to ascertain the accuracy of all statistical and gameplay data. Additionally, concurrent meniscal or cartilage lesions are often not listed and could not be analyzed. Second, our cohort was limited in sample size due to the low prevalence of RACLR in the NFL. This may affect the ability to find significant differences as well as affect the accuracy of statistical comparisons between groups. Additionally, while studies have suggested the importance of mechanism of injury in RTP after RACLR, we did not examine its relationship to RTP. Finally, this study did not take into account that not all players who were studied are currently retired, which could lead to bias when evaluating career length of players. NFL players represent a select patient population with multiple incentives to RTP. Our results are not likely generalizable to the general population.
CONCLUSION
NFL players who RTP after RACLR do so at a similar rate and a prolonged time period compared with those undergoing primary ACLR. Athletes who were drafted in earlier rounds were more likely to RTP than those who were not. Additionally, player experience prior to injury is an important factor when predicting RTP after RACLR. 
